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<.::9<69@! 34>=?! 5! 0! ''! <3W9669! 56! <.=<9=6/56>.=4! K96;99=! 0$S1$! µ(! C/.69>=! >=! &$! µ(!





;54! 629! 45'9%! +29!,38:! <.=<9=6/56>.=!;54!'.=>6./9@! KJ! 629! <25=?9! >=! /9-/5<6>W9! >=@9B%!
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7545! $..5.! %9! %D5! :5??! C5.13C! .341/2! 1/.3:%19/*! &<! $/.! "<! +,-! 5B8541C5/%6! 094!
6%43:%345!:$?:3?$%19/6!7545!854094C5.!9/!E/9F$!G'H!,IJ!$/.!KHH!,IJ!685:%49C5%546!$%!
&'()*! LD5! 654156! 90! 5B8541C5/%6! 854094C5.! 7545! A'+MINO)@! A")MINO)@! )P)Q)R+I@!
IPIQ)R+I@! I))IM)RNS@! I))IMLR)NS@! I+)Q)P@! I+)Q)R@! I+)R@! $/.! +RTNS*! LD5! 4$7!







>V! C9?5:3?$4! 458?$:5C5/%! 361/2! %D5! .5612/! C9.5?! 71%D! $??! 61.5M:D$1/! $%9C6! 45C9F5.!
5B:58%!)!!$%9C6*!LD5!.1004$:%19/!.$%$!7$6!1/.5B5.!361/2!IZU&HHH[R%71/976\1!$/.!,1/94!






B:%(9>=)%&:9! <)6%&7! 506%9%076! 6:0;7! 26! &()>! 69%3C6! ;)()! %<)79%8%)<! %7! 9:)! ;%/<=9>5)!
9)45/29)!DEF+!B:)!8%72/!<)6%&7!40<)/!80(!?@AA!;%9:!9:)!<)6%&7)<!506%9%076!6:0;7!26!&())7!
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=>)! <.()! 2);')3<)2! 4.(! 5%6789:0)?@=AABC! 9>)! 9(17%9%.316! .'90'9! 4(./! D.2)991E)2%&3!
?=DFEBC!137! 9>)! 4.'(!7)2%&3!)G0)(%/)392!$HFFC!$HIIC!EDFFC!137!EDII!1()!2>.53+!=>)!
<.()!137!9.916!2);')3<)! %7)39%9:!137!9>)!<.()!137!9.916!D.2)991J.6)2!2<.()2!1()!&%K)3! 4.(!
)1<>!2);')3<)+!=>)!0)(<)39!.4!L'(%16! 4.(!)1<>!<.()!0.2%9%.32! %2! 2>.53!12!MHDE+!D)2%7')!
3'/L)(! %2! 6%29)7! 12! DNOP+! Q(1:! L.G)2! %37%<19)! 9>19! 1! 0.2%9%.3! %2! <.32)(K)7! L)95))3! 9>)!
5%6789:0)!2);')3<)!137!.3)!.(!/.()!.4!9>)!7)2%&3)7!2);')3<)2+!=>)!.3)!6)99)(!1/%3.!1<%72!




RES# 8 11 12 15 18 19 22 25 26 29 38 39 41 42 43 45 46 49 52 Core ID Total ID
%BRD 82 100 96 100 70 96 100 93 95 100 85 96 60 100 85 94 100 99 86
WT00 L F V T Y L L T L L L I E A F A L L M 100% 100%
TRAD L F T L K L L D L L L I R A F D L I Q 61% 86%
FBAA L F A A L L I F L L M I K V L A F L L 34% 70%
FBNN I V A L H F I F I M K V K I Q E F A I 0% 58%
DRAA R A A L L L I V L L K I K A Q L F I K 29% 68%
DRNN I V T L L I V D I V Y W K I Y L V M I 0% 58%
RES# 53 61 64 65 68 69 71 72 75 76 87 90 91 93 94 97 100 101 104 Core RH Total RH
%BRD 100 100 78 100 93 91 69 100 93 70 95 100 60 100 100 100 70 100 73
WT00 A M L C L E I L A R L I F G V I M V I 0.41 0.63
TRAD A I L A A E I L A R L I K L V I E M I 0.28 0.47
FBAA A M M A A A L A A A L L K M A L F V L 0.23 0.46
FBNN F A I A A H L A S S I L K Y A L F M L 0.27 0.50
DRAA A A Y A G E I A A A L L K Y A I E L Y 0.42 0.57
DRNN T V V L I M L V M L I V K K L V E L K 0.50 0.61
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.+%/1%! !"# $%&%! 2/.S25)%! :5$%-&! /)$! 15! ').5+35+/1%! 2/.S25)%! 4-%;'2'-'1@! ')15! ,'&!
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=,3*! ,.*&-! )-! FG():! '(:3*)0! 3*(<'*<(&! *%)*! -)*<(&! %)3! )0(&)2:! 1(,/&-! *,! 9&!
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J04#%5! *(! #57! DKKL?A! #'3! =L?! 1-*#(%2'! 2;! 4#1:42'*$! 0$%'&! 9-2(*%'! $(-01(0-*!
9-*3%1(%2'=M0)5+#'A! J#'(#$! *(! #57! DKKL?7! N)*! +*()23! O*! 3*$1-%4*! )*-*! #((*+9($! (2!
%'12-92-#(*! ()*!+2$(! 92O*-;05! ;*#(0-*$! 2;! #55! ()-**! 9-*6%20$! (*1)'%/0*$A! 4.! 1-*#(%'&!
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%'(0%(%6*! -05*$! ()#(! -*$*+45*! ()*! )%*-#-1)%1#5! 9-21*$$*$! 9-*6%20$5.! 0$*3A! #'3! ()*!
%'12-92-#(%2'! 2;! ()%$! %';2-+#(%2'! (2! &0%3*! 20-! 9-2(*%'! $(-01(0-*! 9-*3%1(%2'! +*()23!
(2O#-3$!()*!3*$%-*3!(29252&.7!!
I0-! $9*1%;%1! &2#5! O#$! (2! 1-*#(*! #! 12+90(#(%2'#5! ;-#+*O2-:! ()#(! O2053! 4*!
&*'*-#5! *'20&)! (2! 1-*#(*!)%&)!/0#5%(.! $(#-(%'&! $(-01(0-*$! ;2-!+2$(!9-2(*%'! ;253$! %'! #'!





! Q'! ()%$!O2-:A!O*!0$*!#! ;5*P%45*!4#1:42'*!9-2(*%'!3*$%&'!9-2(2125! ()#(!)#$!4**'!
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30)B%345!:)846'(46%.8!:464!9.(!:8:;<0=!CAE+!G0)(B.:184B%3!/4(4B)6)(2!3453'546):!=1!
9%66%8&! 60)! H%==2IJ)5B0.567! )K'46%.8! 6.! 60)(B45! 48:! 30)B%345! :)846'(46%.8! :464! 9.(!











$%&'()! *+#,! -).'/).! ()0()1)2343%52! 56! 0(53)%2! 13('/3'()! 42.! .)(%7%2&! &)58)3(%/!
/5213(4%231!65(!!"#$%&%#.)1%&2!13('/3'()!/()43%52+!
9)6%2%2&!:);%<!42.!13(42.!);)8)231!%2!4!().'/).!()0()1)2343%52!41!3:())!05%231!=>)4.1?!
5(! 3@5!7)/35(1! %1! 4! /527)2%)23!.)1/(%03%52!56! 3:)!:);%<!5(! 1342.! ;)2&3:A!.%()/3%52A! 42.!
5(%)2343%52! =B?+! C1%2&! 3:%1! ().'/).! ()0()1)2343%52! 56! 42! )23%()! 65;.! ;)4.1! 35!
1%80;%6%/43%52!56!3)(3%4(D!13('/3'()A!6(58!42!4;;!4358!85.);!5(!E!!3(4/)!=F?A!35!52;D!3:)!
>)4.1! 3:43!.)6%2)! 3:)! 1)/52.4(D! 13('/3'()!);)8)23! =E?+! G3! %1!0511%>;)! 35!25(84;%H)! 3:)!
;)2&3:!56! )4/:!7)/35(! %2! 3:)! ().'/).! ()0()1)2343%52! 35! /5804()!:585;5&5'1!0(53)%21!
=9?A! 42.! %3! %1! 0511%>;)! 35! 4;%&2! 3:)! 25(84;%H).! ().'/).! ()0()1)2343%521! =I?! 35! .)6%2)!
47)(4&)!051%3%521!42.!7)/35(1A!42.!3:)!.)7%43%521!=$A!/%(/;)!?!4>5'3!3:51)!051%3%521!42.!
7)/35(1! 35!/()43)!&)58)3(%/!>5'2.1!.)6%2%2&! 3:)!.)1%().! 3505;5&D+!J:%1! %265(843%52! %1!
'1).!35!/()43)!!"#$%&%!7)/35(!.)6%2%3%521!56!3:)!3505;5&D!>D!74(D%2&!3:)!;)2&3:!56!:);%<A!
















































:;<&=(>($&50+15?$(8()(-?@5&10(5A887312(/-225&)&1/&! B410191/&! :;410191/&;! C/!
D7849!C<=$$@E!<=$$@F'+)&70G0!B6/&F849F91/&4F+,'(!056&!B25&10&F%9(,4F8100&5,!056&!
$(!-&,&510&!!"#$%&%!4&/+-,/!'5(3!1!'13+)?!('!849!'+)&/!+,!1,!160(310&4!'1/%+(,!
:;<&=(>($&50+15?$(8()(-?@5&10(5A887312(/-225&)&1/&! B410191/&! :;410191/&;! C)!





$(! >+&*! 0%&! J61)+0?! ('! '51-3&,0/! /&)&20&4! >&5/6/! 0%&! +,860! /0562065&/! 1,4! (60860!
/0562065&/!6/&!0%&!')1-!B4638F'51-/F1/F849!
$(! -&,&510&! !"# $%&%! 4&/+-,! ('! ,(>&)! '()4/! *+0%(60! 1! 849! '+)&! 6/&! (,)?! 1! <=$$@! '+)&H!
*%+2%!21,!%1>&!0%&!'())(*+,-!+,'(5310+(,!
SEQUENCE Any of the 20 amino acid codes as caps or lowercase a for any 
SECSTRUCT SECTRUCT PATTERN OF H/E/L 
HP_PATTERN Hydrophobic Polar Pattern of H/P/A(any) 
BURIAL  Pattern of – for unknown, B for buried, S for surface 
POSE_SIZE Min-Max Range 
STRAND_STRAND_PAIRING 4 2 A - indicates strand 4 and 2 are paired 
antiparallel 
STRAND_STRAND_PAIRING 2 8 P – indicates strand 2 and 8 are paired parallel 
STRAND_STRAND_PAIRING 10 14 X – indicates strand 10 and 14 are in unknown 
pairing 
STRAND_STRAND_LAYER 2 10 A – indicates strands 2 and 10 are in different 
sheets but have side chains in contact, this controls how two sheets 
interact with each other 
SHEET_LAYER 4 2 8 – indicates that the sheet architecture is 4 2 8 
HELIX_HELIX_LAYER 3 5 A – indicates helices 3 and 5 are in antiparallel 
contact 
HELIX_STRAND_LAYER 4 5 A –helix 5 and strand 4 are antiparallel contact  
The ELEMENT keyword can be used to modify the state of a single strand, 
helix or loop element 
ELEMENT 6  SIZE  16 20 H ..----BBB----.. ..----FWG----.. 
States that element 6 is between 16 and 20 residues long composed of helix 
and has a buried sequence of FWG in the middle of the helix, the .. states 

































































3&5! 30A)5! '()! ?/)0'-.&! -;! 1)! 2./75! 63-&'3-&! 5)0-9&3<-7-':! 1(-7)! 5+363'-2377:!
+)6.5)7-&9! '()! *+.')-&! 0)?/)&2)=! C)8'! 1)! *+.<)5! ./+! 3<-7-':! 2+)3')! 5)0-9&3<7)!
*+.')-&!<32A<.&)0!!"#$%&%!;.+!3!5-,)+0)!0)'!.;!*+.')-&!;.750=!
B()! 2+)3'-.&! .;! +)5)0-9&)5! *+.')-&0! '(3'! &.! 7.&9)+! +)0)6<7)! '()!1-75! ':*)!
*+.')-&!-&!0)?/)&2)!0*32)4!3+)!&.1!;/77:!-&!'()!9+30*!.;!*+.')-&!5)0-9&=!B()!+)5)0-9&!
*+.<7)6!(30!<))&!')0')5!<:!3!&/6<)+!.;!+)0)3+2()+0!3'!,3+-./0!7),)70!.;!5)0-9&!3&5!




<32A<.&)! 2.&;.+63'-.&! ;.+! '()! 5)0-9&)5! 0)?/)&2)! -&! 3&! -')+3'-,)! ;30(-.&=! B(-0!
2.6*/'3'-.&37! ')2(&-?/)! 3**)3+0! '.! <)! +.</0'=! @)! /0)5! -'! ()+)! '.! 0/22)00;/77:!
5)0-9&!)-9('!;./+F()7-8!</&57)!*+.')-&04!G/(763&!)'!37=!/0)5!-'!-&!'()!!"#$%&%!5)0-9&!
.;!B.*H4!3&5!+)2)&'7:!0),)+37!.'()+!5)0-9&!9+./*0!(3,)!/0)5!0-6-73+!6)'(.50!1-'(!




9)3,! 20%! '&()*+!62'&-4! 5,&! 7--:7326! %6('! 2;! 3,&! <:%7=! 8%=(37-! (3%0830%&! )(! "4>! ?!
82617%&'!32!3,&!'&()*+!62'&-4!5,&!7'@7+37*&(!2;!/&*)++)+*!7!'&()*+!1%2A&83!9)3,!7!
,)*,:%&(2-03)2+!8%=(37-!(3%0830%&!7%&!0+'&+)7/-&!/03!0+3)-!3,)(!92%B!9&!9&%&!-)6)3&'!
32! (&C0&+8&(! ,)*,-=! ()6)-7%! 32! 3,&! 9)-'! 3=1&! (&C0&+8&4! ! 5,&! 7/)-)3=! 32! 7880%73&-=!
1%&')83! 3,&! /78B/2+&! 82+;2%673)2+! ;2%! ,)*,-=! ')(()6)-7%! (&C0&+8&(! ,7(! 1%2;20+'!
)61-)873)2+(!;2%!1%23&)+:-)*7+'!'&()*+!7+'!&+D=6&!'&()*+4!E&!/&-)&@&!3,73!);!*)@&+!7!
'&()*+7/-&! /78B/2+&! 20%! &+&%*=! ;0+83)2+F! 82+;2%673)2+7-! (&7%8,! 1%28&'0%&(! 7+'!
(&C0&+8&!(&7%8,!1%28&'0%&(!87+!67)+37)+!1%23&)+!/78B/2+&!'&()*+7/)-)3=4!
5,&! (088&((! 2;! 1%23&)+! %&'&()*+! )(! )+! (,7%1! 82+3%7(3! 32! 3,&! 8,7--&+*&(! (3)--!
;78)+*! !"# $%&%! 1%23&)+! '&()*+4!E&! /&-)&@&! 3,&! *%&73! 8,7--&+*&! )+! !"# $%&%! 1%23&)+!
'&()*+! )(! 3,&! )+)3)7-! 8%&73)2+! 2;! 7! '&()*+7/-&! /78B/2+&4! E)3,! 3,)(! )+! 6)+'F! 9&!
'&@&-21&'!7! ;-&.)/-&!7+'!*&+&%7-! ;%76&92%B! ;2%! 3,&!8%&73)2+!2;! (37%3)+*!(3%0830%&(!
;2%! !"# $%&%! 1%23&)+! '&()*+4! G2610373)2+7--=F! 3,&! /78B/2+&(! 7+'! (&C0&+8&(!




/0+'-&!1%23&)+(! )(!62%&!7'@7+8&'! 3,7+!20%!7/)-)3)&(! ;2%!23,&%!1%23&)+! ;2-'(4!5,&%&!
7%&!67+=!7(1&83(!2;!1%23&)+! ;2-')+*! 7+'! (37/)-)3=! 3,73!,7@&!+23! =&3!/&&+!&.1-)8)3-=!
)+82%12%73&'!)+32!3,&!'&()*+!2;!!"#$%&%!1%23&)+(F!7+'!1&%,71(!(26&!2;!3,&(&!;&730%&(!
9)--!/&!%&C0)%&'!;2%!3,&!!"#$%&%!'&()*+!2;!7--!!:;2-'(4!J+&!;&730%&!3,73! )(! -78B)+*! )+!
80%%&+3! 1%23&)+! '&()*+! 7-*2%)3,6(! )(! 7+! &.1-)8)3! 82+()'&%73)2+! 2;! 1%23&)+! ;2-')+*!
! "#$!
%&'()&*+,! -./&-0+12! 3'! &45-6)3')! 7(3)06(! 7-6! 311!!87-19+:! ;<&+! 7(3)06(! &+! '-)! 13*%&'=!
90(! )-! &='-63'*(! .0)! 90(! )-! )<(! &'<(6(')! *<311('=(+! -7! 56(9&*)&'=! )<(! 7-19&'=!
53)<>32!7-6!3!<25-)<()&*31!56-)(&'!+(?0('*(:!;<&+!*<311('=(!&+!706)<(6!*-45-0'9(9!
.2! )<(! 73*)! )<3)! &)!>-019! .(! '(*(++362! )-! (/3103)(! )<(! 7-19&'=! %&'()&*+! 7-6! +(/(631!
<25-)<()&*31!+(?0('*(+!3'9!)<('!*<--+(!)<(!.(+)!7-6!(@5(6&4(')31!*<363*)(6&A3)&-':!
B-5(70112,! )<(+(! 1&4&)3)&-'+! *3'! .(! 6(4(9&(9! 0+&'=!4-6(! 39/3'*(9! *-450)3)&-'31!
6(+-06*(+!3'9!'(>!6(56(+(')3)&-'+!-7!56-)(&'!7-19&'=!53)<>32+!3'9!%&'()&*+:!!
! C0)06(! 56-)(&'! 9(+&='! *<311('=(+! 7-*0+(9! -'! !"# $%&%! 56-)(&'! 9(+&=',!
(+5(*&3112!-7!'-'!<(1&*31!56-)(&'!7-19+,!>-019!.('(7&)!76-4!(@51-6&'=!5(640)3)&-'+!-7!
)<(! *-6(! 6(9(+&='! +)63)(=2! 56(+(')(9! &'! D<35)(6! ;>-:! C1(@&.1(! .3*%.-'(! 56-)(&'!
6(9(+&='!5(67-64(9!&'!3!<&(636*<31!4()<-9!.(=&''&'=!&'&)&3112!>&)<!)<(!6(9(+&='!-7!
-'12! 1--5+,! -'12! .06&(9! 5-+&)&-'+,! -6! -)<(6! 70'*)&-'31! &45-6)3')! +&)(+! 56-/&9(+! 3!
.3*%9--6! )-!!"#$%&%! 9(+&=':!E<&1(! )<(+(!9(+&='+!>-019!'-)!.(! )6012!!"#$%&%,! )<(2!










%&'(')*! ')! (+,! -'.(&)/,! 012! 321(,')! -,.'*)! '.! (+,! 2,4&(,-! 0',4-! 10! .5)(+,('/!
6'141*57! 85)(+,('/! 6'141*5! 13,).! &! ),9! +12':1)! 012! 321(,')! -,.'*)7! ;<,)(=&445>!
321(,')!-,.'*)!9'44!/2,&(,!)1(!1)45!!"#$%&%!321(,').!6=(!!"#$%&%!321(,').!/1?31.,-!
,)('2,45!10!)1)@/&)1)'/&4!&?')1!&/'-.>!&)-!(1!3,2012?!2,&/('1).!(+&(!6'141*5!'.!)1(!
/&3&64,! 10! 3,2012?')*>! 31..'645! 4,&-')*! (1! (+,! /2,&('1)! 10! 12(+1*1)&4!
?&/21?14,/=4&2!.5.(,?.7!
! "#$!
!
!"#"$"%&"'(
%&''()*+!,-!.-+!/-!.-!,*0+!(1!*2-!3%&4561*1)&0*2!5'&1()0!7(8)90!68)09!:2(;)<2(!<*=><&0(!
'(4&7(2)09!*07!'(86':*=)09?!=*8(!8167)(8!)0!81'6=16'(@<*8(7!*01)9(0!7(8)90-3!
A!B&2!,)&2!C#DE"F?!G$C@HI-!
%&''()*+!,-!.-+!/-!.-!,*0+!(1!*2-!3%&4561*1)&0*2!7(8)90!&:!(5)1&5(@8=*::&278!*22&J8!
)076=1)&0!&:!*01)<&7)(8!85(=):)=!:&'!*!5&&'2K!)4460&9(0)=!LMN!O*==)0(!
(5)1&5(-3!P1'6=16'(!"$EHF?!"""Q@GQ-!
R6S24*0+!,-+!T-!U*01*8+!(1!*2-!EG##VF-!3U(8)90!&:!*!0&O(2!92&<62*'!5'&1()0!:&27!J)1S!
*1&4)=@2(O(2!*==6'*=K-3!P=)(0=(!V#GEDQCHF?!"VQC@$-!
!
!
